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e Example 1: A,
e HelloWorld F\1 |'""

e« Concepts

e PartO:
— set up build environments
— Create a new package
— compile and link
— run
e Part 1:
— The Messaging Service

e Part 2.
— The JobOptions and Properties Service
e Files:
— HelloWorld.cxx, HelloWorld.h
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Example 1: Part O _a
D i

Setup Build Environments

W ERSC
A

> source /auto/atlas/tool s/ WrkshopSet up. csh

« Work area: ~/ Wor kshop
> cd ~/Workshop

e source files are in
src4l/ Cont r ol Exanpl es/ Gaudi Tutorial/src

 header files in
src4l/ Cont r ol Exanpl es/ Gaudi Tut ori al / Gaudi Tut ori al

e build from ~/ wor kshop/ bui | d41
> gmake 1 nstall

e execute from ~/ Wor kshop/ run
> . /tutorial _exanples < atlas. dat back > out put

e solutions to examples in
~/ Wor kshop/ sol uti ons/ex1l/partl ...
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o Example 1: Part O .
S Initial Files reccend)

 For each example, copy Iinitial files from
~/ Wor kshop/ sol uti ons/ ex(n)

e copy source files (*.cxx) to your source file area.
> cd ~/Wor kshop/ src41/ Control Exanpl es/ Gaudi Tut ori al /src
> cp ~/Workshop/ sol uti ons/ ex1/*.cxx .

e copy header files (*.h) to your header file area.

> cd ../ Gudi Tutori al
> cp ~/Wbrkshop/sol utions/ex1l/*.h .

« copy GNUmakefile.in
> cd ..
> cp ~/ Wbrkshop/ sol uti ons/ ex1/ GNUmakefil e .

e copy jobOptions.txt to run area.
> cd ~/Workshop/ run
> Ccp ~/Wbrkshop/sol utions/ex1l/jobOptions.txt
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Example 1: Part O

LA Shortcuts j1‘\1 |'ﬁ"

Tutori al :

BEEREELEY LAR

Aliases have been defined to cd to various

directories:

got osrc == cd
~/ Wor kshop/ src41/ Cont r ol Exanpl es/ Gaudi Tut ori al /src

got ohdr == cd
~/ Wor kshop/ src41/ Cont r ol Exanpl es/ Gaudi Tut ori al / Gaudi Tut ori al

gotobld == cd ~/Wbrkshop/ bui | d41
gotorun == cd ~/Wbrkshop/ run
got osol == cd ~/Wbrkshop/ sol uti ons

Initialization files can be automatically copied to the correct
directories with:
Wor kshopl nit exanpl e#

The full solutions can be copied to the correct directories with:
Wor kshopCheat exanpl e# part#

If you do this, don’t forget to “gmake build” afterwards
To filter out SLUG output:

./tutorial _exanples < atlas.datback | filter
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W ERSC
A

Tutori al :

Example 1: Part 1 N
P i

The Messaging Service

Add Message Service header to HelloWorld
source:
#i ncl ude “Gudi / MessageSvc/ MsgStream h”

To print to message service:
MsgSt ream | og( messageServi ce(), name());
| og << MG : I NFO << “hell o worl d” << endreq;

Various message levels and jobOptions
equivalents:
MBG. : DEBUG == DEFAULT
MBG : | NFO ==
MVBG : WARNI NG ==
MBG. : ERROR ==
MBG. : FATAL ==
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. Example 1: Part 1 i O
W ERSC] Messaging Service (cont) "\l |'".‘

« add Message Service output level to
jobOptions.txt
MsgSer vi ce. Qut put Level = 2;

e Can set output level for each algorithm
Independently
Hel | oWwbr | d. Qut put Level = 4;

e To tell the framework to run the algorithm, add
the Algorithm name to the jobOptions file:
ApplicationMyr. TopAlgorithm = {“Hel |l oWorl d’};

« Now edit the files, build the executable, and run
It.
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e Example 1: Part 1
QEEE-C Accessing Services from Algorithms

 Any registered service can be accessed from an
algorithm once its header file has been included
In the algorithm.

« The algorithm class provides hooks to the
various services.

e The most common services are:
nmessageServi ce()
event Dat aSer vi ce()
hi st ogr anDat aSer vi ce()
nt upl eServi ce()
det Dat aSer vi ce()
servi ceLocat or ()
and nore....
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Example 1: Part 2

Properties

« Algorithms can have properties, which are settable at run
time via the jobOptions file.

e |nthe source file of HelloWorld, include the the header for
the Property Manager:

#i ncl ude “Gudi / JobOpti onsSvc/ PropertyMyr. h”

 Declare the property variable in header file as a private data
member:
I nt m foo;
e In Algorithm constructor, declare the property:
decl areProperty(“Foo”, mfoo);

e This makes an association between a data member and a
property name as used in the jobOptions

e The supported data types are:
i nt, double, bool, string

std::vector<int> std::vector<doubl e>,
std::vector<bool > std::vector<string>
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4 Example 1: Part 2 A
¢ Properties (cont) corees) |'""

 Add the property entry in the jobOptions file:
Hel | oWwor | d. Foo = 42;:

« Do the same thing for a bool, a double, and a
string vector.

 For vectors the syntax is:
Hel l oWorl d. StringVecFoo = {“Hello”, “World”};

 Print out the value of the properties using the
messaging service in the execute() method.
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Example 1: Postscript ~,
SimpleProperties reeeee?] p

W ERSC]
] ‘
HEEL |r"|l'

« A new type of Properties class called a
“SimpleProperty” has been added to the
framework, which provides the ability to do
bounds checking. Though not part of this tutorial,
It will become the preferred usage of properties.

« The properties member data will be declared as:

Si npl eProperty<int> mint;
e Or
| nt eger Property mint;
 Optional bounds can be set in the initialize()

method as:

m property. set Bounds(| ower, upper);
m_property. set Upper (upper) ;

m property. set Lower (| ower);
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%

Example 2: Transient Data Store, —
—|

e Multiple Algorithms

e« Concepts:
e Part 1:
— Getting to the Transient Data Store

— Getting the event header from the TDS, and
accessing its components

e Part 2.
— Creating a DataObject
— Writing DataObject to TDS
— Reading DataObject from TDS
— Chaining multiple algorithms
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Example 2: Transient Data Store,
Multiple Algorithms ’\]

W ERSC
A

Part 3.

— Creating a ContainedObject

— Writing a vector of ContainedObjects to TDS
— Reading vector of ContainedObjects from TDS

Files:
ReadData.cxx, ReadData.h
WriteData.cxx, WriteData.h
DataObj.h, ContODbj.h
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4 Example 2: A,
ffEzSC Transient Data Store F\lﬂ

« Eventinformation is kept in the TDS under the
/[Event hierarchy.

« There are several ways to get objects out of the
TDS. These include the findObject() and
retrieveObject() methods from the
IDataProviderSvc, as well as the SmartDataPtr<>,
and SmartRef<> templates.

 We prefer to use the SmartDataPtr as it provides
the cleanest interface.

« When an object is registered with the TDS, the
TDS becomes the owner of the object. DON'T
CALL THE DELETE METHOD OF THE OBJECT.

 See chapter 6 of the Gaudi manual for further
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e Example 2: Part 1 s
szt Getting to the TDS ’—\1

o Start with the ReadData algorithm skeleton

e Add the headers for the ZebraTDREvent, the

event data service, and the Smart Data Pointer:

#i ncl ude “ZebraTDRCnv/ Zebr aTDREvent . h”
#i ncl ude “ Gaudi / Dat aSvc/ Evt Dat aSvc. h”
#i ncl ude “ Gaudi / Dat aSvc/ Snart Dat aPtr. h”

* In the execute() method of ReadData, Get a

SmartDataPtr to the Event in the TDS:

Smar t Dat aPt r <Zebr aTDREvent >
evt (event Dat aService(), "/ Event”);

« Check to see if avalid event was found.:
I1f (levt) { print error nessage, return FAILURE }

e Getthe event and run numbers:

i nt event = evt->event nunber();
int run = evt->run_nunber();
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e Example 2: Part 2
fLE o Creating a DataObject

e To beregistered in the TDS, an object must be a
DataObject, ie it must inherit from DataObject.

e You must also define a static constant Class ID,
which must be unique for each class. In
MyDataObj.h:

#i ncl ude “Gaudi / Ker nel / Dat aCbj ect . h”

const static CLID CLID MDO = 214222;

cl ass MyDat aCbj: public DataObject {

public:

MyDat aCbj ect (): DataChject(){};
static CLID& classI D) { return CLID MDG, }
virtual CLID& clID() { return CLID MO }
int val() { return mdat; }

void val( int i) { mdat =1i; }

virtual ~MyDataQoj (){};
private:

i nt m dat ;

b

maaesssssssseseeesessssmn ATLAS Software Workshop @ Berkeley Lab sesssssss—n
Tutorial: Exanples (09may00 - ATLAS Software Workshop @ LBNL)




e Example 2: Part 2
e Writing DataObject to TDS

« The DataObject will be written to a location in the
TDS as specified by a property in jobOptions:
decl areProperty(“Dat aCbj Loc”, m DataCbjLoc);

e Add this to both the ReadData and WriteData
algorithms, and in the jobOptions file.

* In the execute() method of WriteData, create a
DataObject of type MyDataObj, and set its
member data:

MyDat aCbj *dobj = new MyDat aQbj ;
dobj - >val (10);

 Register itin the event TDS

St at usCode sc = event Dat aServi ce()->
regi st er j ect (m Dat albj Loc, dobj ) ;
I f ( sc.isFailure(){ print error nessage }
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= Read DataObject from TDS

Tutori al :

Example 2: Part 2 A
p rr’:r}l ||||"

Objects in the TDS can be accessed via a
SmartDataPtr<>, which is templated in the type of
the object, and has a usage syntax similar to a
normal pointer.

In the execute() method of ReadData, get a
SmartDataPtr of type MyDataObj from the event
TDS, with its location specified by the property

variable:

Smar t Dat aPt r <MyDat aObj >
dobj (event Dat aServi ce(), m Dat albj Loc) ;

I f (! dobj) { print error nessage }

Print value of object member data:
| og << MG : I NFO << “Data Object Val: *
<< dobj->val () << endreq;
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Example 2: Part 2 _a
p r_r’l—r:r}l ||||'

y v
fLE o DataObject Locations

 Inthe jobOptions file, specify the locations of the
objects to be written / read.:
WiteData. DataChj Loc = “/Event/tnmpD’;
ReadDat a. Dat aCbj Loc = “/ Event/t npD’;

« Make sure that you're reading from the same
location as you're writing to
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@ Example 2: Part 2
fLE o Chaining Multiple Algorithms

e In order to execute more than one algorithm, all
that must be modified is the “TopAlg” property of
the Application Manager in the jobOptions file:

ApplicationMyr. TopAlg = { “WiteData”,
“ReadDat a” }
 Modify the GNUmakefile.in so that WriteData.cxx

gets compiled:
> cd ~/ Wbr kshop/ src4l/ Control Exanpl es/ Gaudi Tut ori al

| i bGaudi Tutori al . so_SRC = src/ ReadDat a. cxX
src/WiteData. cxx

« Compile and link using “gmake install”
e run the executable in the run directory
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4 Example 2: Part 3
fLE o Creating a Contained Object

e If you want to store a collection of objects, such
as a group of hits, in the TDS, you should use an

ObjectVector or an ObjectList.

 Objects must inherit from ContainedObject if they

are to be stored in an ObjectVector/List:

#i ncl ude “Gaudi / Ker nel / Cont ai nedOhj ect . h”
const static CLID CLI D MYCO = 214223;
cl ass MyCont Qbj ect: public ContainedObject {
public:
MyCont Qbj ect (): Contai nedObject(){};
static CLID& classI D) { return CLID MYCO, }
virtual CLID& clID() { return CLID MYCO }
void set(float t, int i) { mtinme =1t; mchannelID=1i;}
int id() { return mchannelld; }
private:
i nt m channel | d;
float mtine;

b
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4 Example 2: Part 3
fLE o Writing a Contained Object

* In the execute() method of WriteData, create and
fill a ContainedObject with the hits:
MyCont Gbj *nto_1 = new MyCont Qb ;
nco 1->Set(11.3, 1);

 Create an ObjectVector on the heap, and fill it

with a contained object:

(bj ect Vect or <MyCont Chj > *cobj] = new
bj ect Vect or <MyCont Qbj >;

cobj - >push_back(nto_1);
cobj - >push_back(nto_2);
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e Example 2: Part 3 =
- A Writing a Contained Object F_\] |n|"

 Register the ObjectVector with the TDS, and

check to see that all went well:
sc = event DataService()->

regi st er j ect (m Cont OGbj Loc, cobj);
I f ( sc.isFailure() ) { print error nesg };
* In the jobOptions file, specify the location of the
object to be written:
WiteData. Cont Qbj Loc = “/Event/t mpC’;
ReadDat a. Cont Cbj Loc = “/Event/t nmpC’;

« Make sure it’s a different location that what was
specified for the DataObject. Only one object can
be registered to any one location.
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4 Example 2: Part 3 =
LA Reading Contained Object from TDS j\1

 Inthe execute() method of ReadData, get a
SmartDataPtr that points to the contained object

In the TDS:

Smar t Dat aPtr < Cbj ect Vect or <MyCont Cbj > >
vec(event Dat aServi ce(), m Cont Obj Loc);

e lterate through the vector, printing out the values

of its members:
bj ect Vect or<MyCont Qbj >::iterator it;
for (it=vec->begin(); it!=vec->end; it++) {
int Id=(*it)->d();
float time = (*it)->tinme();
|l og << MBG :INFO << “ID. “ << Id << * Tine:
<< time << endreq;

}
e Now build and run the executable
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Example 3 -
¥ i

L A Sub-Algorithms \r"‘
e« Concepts:
e Part 1.
— Using sub algorithms
o Part 2:

— Using multiple identical sub-algorithms

e Files
MainAlg.cxx, MainAlg.h
SubAlg.cxx, SubAlg.h

maaesssssssseseeesessssmn ATLAS Software Workshop @ Berkeley Lab sesssssss—n
Tutorial: Exanples (09may00 - ATLAS Software Workshop @ LBNL)




= Sub-Algorithms

Tutori al :

Example 3: Part 1 o
p rr’r—r}l ||ﬁ

EREELEY ‘

Sub-algorithms allow a higher degree of user
control over the execution and ordering of
algorithms.

Sub-algorithms are not automatically created by
the framework - this has to be done explicitly by
their parent algorithm.

Once created, the initialize() method of the sub-
algorithm is automatically called, but the
execute() phase must be explicitly invoked by the
parent algorithm.

The finalize() method is automatically called by
the framework.
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Example 3: Part 1
Sub-Algorithms

e The sub-algorithm (SubAlg) will be very simple,

with just a single string property called
“*SubString”

decl areProperty(“SubString”, msubstr);

e In the initialize() and execute() methods of the
sub-algorithm, we want to print out the value of
Its string property.
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@ Example 3: Part 1
fLE o Sub-Algorithms

« The sub-algorithm will be referenced via a string
property of the parent algorithm (MainAlg).
decl areProperty(“ SubAl gType”, m subAl gType) ;
decl areProperty(“ SubAl gName”, m subAl gNane) ;

« The properties of the sub-algorithm will also be
set by properties of the parent algorithm
decl areProperty(“SubAl gPropNane”,
m_subAl gPr opNane) ;
decl areProperty(“SubAl gPropVal ”, m subAl gPropVal ) ;
e In order to identify the sub-algorithm, we want to
keep a pointer to it as a member data of the

parent algorithm. In the header of MainAlg:
Al gorithnm p_Sub;
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Example 3: Part 1 o
P i

LA Sub-Algorithms

e In the initialize() method of the parent algorithm,

the sub-algorithm must be created:
sc = creat eSubAl gorithn msubAl gType,

m subAl gNane, p_Sub) ;
I f ( sc.isFailure() ) { print error nessage }
* In the execute() method of the parent algorithm,
we want to set a property of the sub-algorithm:
SCc = p_Sub->setProperty( StringProperty
( m subAl gPr opNanme, m subAl gPropVval) );
e Then we want to execute the sub-algorithm:
sc = p_Sub->execute();
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. Example 3: Part 2 e
W ERSC Multiple Identical Sub-Algorithms ’\%‘

 In order to execute multiple identical sub-
algorithms, each one must be created by the
parent algorithm with a different name.

 First change the SubAlgName and
SubAlgPropVal properties in the parent algorithm
to be vector<string>. Same for p_Sub which will

become a vector<Algorithm*>,

« Then in the initialize() method of the parent alqg:
m nSubAl g = m subAl gNane. si ze();
Al gorithnt psb;
for (int i=0; i< mnSubAl g; i++) {
sc = createSubAl gorithm m subAl gType, m subAl gNane[i ],
psb) ;
if ( sc.isFailure() ) { print error nessage }
p_Sub. push_back( psb);

}
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Example 3: Part 2 a
Multiple Identical Sub-Algorithms i\1

W ERSC
A

 Inthe execute() method, loop over all sub-
algorithms, setting and printing their properties

for (int i=0; i<mnSubAl g; i++) {
| og << MBG : I NFO << “setting property *“
<< m subAl gPropNane << “ to *“
<< m subAl gPropVal [i] << *“ for subalg “
<< m subAl gType << “ instance *
<< m subAl gNane[i] << endreq;

SC = p_Sub[i]->setProperty( StringProperty
(m subAl gPropNane, m subAl gPropVval[i]) );
If ( sc.isFailure() ) { print error nessage }

sc = p_Sub[i]->execute();

}
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. Example 3: Part 2 i
LA Multiple Identical Sub-Algorithms i\%

 Inthe jobOptions file:

Mai nAl g. SubAl gType = " SubAl g";

Mai nAl g. SubAl gPr opNanme = "SubString";

Mai nAl g. SubAl gNane = { " SubAl glnst_1",
"SubAl gl nst_2", "SubAl gl nst_3" };

Mai nAl g. SubAl gPropVal = { "new string 1",
"new string 2", "new string 3" };

SubAl gl nst _1. SubStri ng
SubAl gl nst _2. SubStri ng
SubAl gl nst 3. SubStri ng

"original string 1";
"original string 2";
"original string 3";
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Example 3: Postscript
Seqguencer

A new algorithm type called a sequencer has been
added to the framework. The sequencer provides
the same functionality as the sub-algorithms, but in
a more automatic manner.

e Instead of explicitly creating and executing the
sequencer in the appropriate methods of the parent
algorithm, the sequencing path is set via the
jobOptions:

ApplicationMyr. TopAlg = { “Sequencer/ TopSequencer” };
TopSequencer . Menber s={“ Sequencer/ Pat hl1”, “ Sequencer/ Pat h2" };

Pat hl. Menbers = {“hell 0”,”Prescal er/ Prescal er1”, "goodbye”};
Pat h2. Menbers = {“hell 0”,” Prescal er/ Prescal er2”, "goodbye” };

Prescal er 1. percent Pass = 20. 0;
Prescal er 2. percent Pass = 50. 0;
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Example 4 P
P o

LA Histograms and NTuples = |'ﬁ"
e« Concepts
e Part 1:
— Histograms
e Part 2.
— Ntuples
 Files

e Hist.cxx, Hist.h
e Ntup.cxx, Ntup.h
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% Example 4: Part 1
. AZEE Histograms

« Histograms are kept in the TDS in a special area,
which, unlike the event store, is not cleared with
each new event.

« This areais “/stat”, and is managed by the
histogram service HistogramSvc.

 Histograms must be registered with the TDS, like
any other data object.

« The framework uses HTL histograms, and saves
them in the hbook format.
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W ERSC
A

Example 4: Part 1 s
P e

Histograms

e |Inthe header file, add the data member:
| H st ogr anilD* m hi st ;

 Inthe source file, add the headers:
#i ncl ude “Gudi/Interfaces/ | H stograntvc. h”
#i ncl ude “@Gudi / H st ograntvc/ HLD. h”

* Inthe initialize() method, create a histogram
object, and register it:
m hi st = new HID(“TestH st”, “Test H stogrant,
“1”, 100, 0, 100);
sc = histogranDat aService() -> registerQbject(
“/stat/sinple’”+m hist->nunber(), mhist);
If ( sc.isFailure() ) { print error nessage }
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Example 4: Part 1 A
p r_r’l—r:r}l ||||'

F v
fLE o Histograms

 Inthe execute() method, fill the histogram:
mhist->fill( float(event), 1.);

* In the jobOptions file, specify the name of the
output file:

Hi st ogranPersi stencySvc. QutputFile =
“hi st 0. hbook”;

« Compile and execute
e Run PAW to look at the output
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% Example 4: Part 2 a
o imte] NTuples F\%‘

e NTuples are managed by a service similar to the
histogramming service - NTupleSvc. They are
kept in the TDS in their own area, called
“INTUPLES”.

« The framework saves the NTuples in hbook
format.

« Both column-wise and row-wise NTuples are
supported.
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- Example 4: Part 2 a
4@ NTUp|eS r_r’rD'l |||'|

« For acolumn-wise NTuple, the variables must
first be declared as data members of the class:

NTupl e: : I tenxl ong> m si ze;
NTupl e: : Itenxl ong> m run, m event,;
NTupl e: : Array<l ong> m rundat a;

NTupl e: : Tupl e* p_nt1;

 Inthe source file, add the includes:
#i ncl ude “Gudi /I nterfaces/ I NTupl eSvc. h”
#i ncl ude “Gudi / NTupl eSvc/ NTupl e. h”
#i ncl ude “Gudi / NTupl eSvc/ NTupl eDi rectory. h”
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Example 4: Part 2
NTuples

In the initialize() method, create and register the
ntuple:
NTupl e::Directory *col =0;
NTupl eFilePtr filel(ntupleService(),
“/ NTUPLES/ FI LE1") ;

if ( 'filel ) {

1 f ( !'( col =ntupleService()->

createD rectory(“/NTUPLES/ FI LE1/ COL") ){
print error nessage: can't create dir

}

} else {
print error nessage: can't create file
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" Example 4: Part 2 -,
; NTuples cecee :

Nt upl ePtr nt1(ntupleService(),
“/ NTUPLES/ FI LE1/ COL/ 107) ;

nt 1= ntupl eService()-> book(
col, 10, CLI D _Col ummW seTupl e, “Col Wse");

1f ( ntl) {
p_ntl = nt1l;
sc = ntl->addltem(“Event”, mevent);
I f ( sc.isFailure() ) { print error }
sc = ntl->addlten(“Run”, mrun);
sc = ntl->addltem(“Size”, msize, 0, 100);
sc = ntl->addltem(“rundata”, msi ze,

m _r undat a) ;
} else {
print error: can’'t book ntuple

}
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e Example 4: Part 2 -
fLE o NTuples :\1

* In the execute() method, fill the ntuple

msize = 2 + (evt->event _nunber() 93);

m event = evt->event_nunber();

mrun = evt->run_nunber();

m rundatal[ 0] = mrun;

m rundatal[ 1] = m event;

for (int i=2; i<msize; i++) {
mrundata[i] = i;

sc = ntupleService()->witeRecord(p ntl);
I f ( sc.isFailure() ) { print error nessage }
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4 Example 4: Part 2
e FN)Tuples

* Inthe jobOptions file, set the output file name and
the file format type (only hbook works for now)

NTupl eSvc. Qut put = {
“FI LE1#t upl el. hbook(WRI TE) " };

NTupl eSvc. Type = 6;

e run it and look at the ntuple written to the file
“tuplel.nbook” with PAW.
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